INTRODUCTION
Color pervades all aspects of our lives, influencing our moods and emotions [1] . The coloring of textiles for value addition, look and desire of the customers was anciently initiated by using colors of natural source [2] . It is an ancient art and it was primitively managed by sticking plants to fabric or rubbing crushed pigments into cloth [3] . But the introduction of synthetic dyes led to an almost complete replacement of natural dyes because of the several advantages [4] . The effluents from finishing processes contain high concentrations of biologically difficult-todegrade or even inert auxiliaries and chemicals and there is pressure on dye manufacturers to develop dyes that can reduce environmental problems [5] [6] . Because of the increased environmental awareness to avoid some hazardous synthetic dyes, the use of natural dyes has become a matter of significant importance [7] . In this respect this study was aimed to show the usability of pine cones for coloration of wools and the antibacterial efficiencies of the dyed samples. Anatolian black pine is one of the most common and important forest tree species in Turkey [8] . Pinus nigra belonging to Pinaceae family is grown in west and south regions of Anatolia [9] . Large quantities of pine cones are produced annually throughout the world, especially in pine plantations grown for the pulp and paper industry [10] . The antimicrobial activity is an important property for some functional fabrics [11] . The large surface area and the ability to retain moisture of textile structures enable microorganisms' growth, which causes a range of undesirable effects, not only on the textile itself, but also on the user [12] . So, there is a great demand for antimicrobial finishes of textiles to control the growth of microorganisms [13] . There are several studies available on usability of different natural dye sources to ensure antibacterial efficiencies. For example, Gupta et al. (2004) were tested eleven natural dyes against three types of Gram-negative bacteria and they were declared that seven of them showed activity against one or more of the tested bacteria [14] . Şapcı et al. (2017) reported antimicrobial and antifungal activity of fabrics dyed with viburnum opulus and onion skins [15] . In other study, Khan et al. (2012) were examined the effect of Rheum emodi L. as dye and its dyed wool yarns against two bacterial and two fungal species. They were declared that the dyed samples showed very effective antimicrobial properties [16] . Likewise, Singh et al. (2005) tested four natural dyes against common pathogens and found Quercus infectoria dye indicating the best antimicrobial activity [17] . 
MATERIAL AND METHODS

Material
In the experiments, 100% woolen fabric was used in a 2/1 twill construction with a weight of 160 g/m 2 . The fabrics were in pretreated form and ready for dyeing process so no additional process was conducted prior to dyeing.
As a natural dye source, the idle cones ( figure 1, b ) of the black pine (Pinus nigra) tree (figure 1, a) that grows in Central Anatolia region is used. The cones were collected and dried up in the shadow after they completed the developmental period and poured. These dried cones were then milled (figure 1, c) and these milled cones were used in the dyeing of the wool fabrics.
Method
The dyeings were conducted in a laboratory type sample dyeing machine according to exhaustion method. In dyeing procedure firstly the dye bath was adjusted to pH 7 and then the fabric, natural dye source and mordanting agent have been added to this bath as seen from the figure 2.
The dyeing and mordanting of the fabrics has been managed simultaneously and as mordanting agents;
have been used. Moreover, dyeings without use of any mordanting agent have been tested too. The natural dye sources used in the experiments were directly added to the dye bath without any previous extraction in three different concentrations: 1:0.5; 1:1; 1:2 (fabric to natural dye source ratio). During the dyeing procedure the liquor ratio was adjusted to 1:50 (fabric to dye bath ratio). After the dyeing process, the samples were allowed to dry at room temperature following the washing process and then various measurements were conducted to them. CIE L * a * b * values and color efficiencies (K/S) of the dyed fabric samples were measured to evaluate the usability of the pine cones as a natural dye source. Konica Minolta 3600d spectrophotometer was used for this purpose. Moreover, the samples were photographed by scanning the samples to better observe the colors obtained. In addition, after dyeings the samples were evaluated for light fastness (according to ISO 105-B02) [18] and washing fastness (according to ISO 105-C10 standard) [19] .
Moreover to see the effect of pine cones in terms of the antibacterial activity, the samples dyed with pine cones at the highest dye concentration of the 1:2 have been analyzed in terms of the antibacterial efficiencies.
The antibacterial test method used in this study is described in detail elsewhere [20] . 
RESULT AND DISCUSSION
In order to talk about the usability of any vegetable source in textile dyeing, this source should be able to color the textile materials as competently and exhibit sufficient fastnesses at the same time. In this context, the colors obtained after dyeings in the framework of the experiments were measured firstly and collected in table 1. the increase the used natural dye source concentration in dyeings. This can be shown as proof that the color becomes darker with the increase of used dye concentration. The increase in the K/S value indicates that the color efficiency is high while the decrease shows that the color efficiency is low. The K/S value for woolen fabric samples dyed with pine cone varies between 1.30 and 9.57. When the color efficiencies of the dyed samples were compared, it was found that the K/S values increase as the dyeing concentration increases and this tendency is also seen in the dyeings made with different mordanting agents as well. If an example of the dyeing done without use of any mordanting agent want to be given; it could be seen that the color efficiency for the 1:2 dye concentration was 4.21, and the color efficiency for the dyeing concentration 1:0.5 was 2.42. From table 1, it can be seen that the variation in dyeing efficiency was mainly due to the natural dye source concentration and mordanting agent type. Along with the increase in dyeing concentration, an increase in color efficiency is an expected feature. Moreover, it has been observed that the highest color efficiency could be achieved by using copper (II) sulfate as a mordanting agent and the lowest color efficiencies were generally observed with tin (II) chloride and alum. On the other hand, the effect of the mordanting agents on obtaining different colors was obvious. When table 1 Table 1 around 52 in all mordant free dyeings. For example, in a mordant free dyeing process at a 1:1 dye concentration, the h° was 52.57, a* was 13.9 and b* was 18.16 and the color is perceived as a pinkish orange. After dyeing at 1:0.5 dye concentration by using copper sulphate mordanting agent, the h° value of the obtained color was 76.79, and a* and b* values were measured as 5.67 and 24.15 respectively. Therefore, a yellowish and a lesser red color than the color obtained from the mordant free dyeing emerged and a khaki color was observed. In dyeings with tin chloride mordanting agent at 1:0.5 natural dye source concentration, the obtained color was perceived as in light yellow shade. The a* and b* values were measured 2.12 and 22.1 respectively and h° angle was found 84.52. As can be seen, different colors and color tones could be obtained with the pine tree cones using different mordanting agents. It is possible to obtain different colors with a single natural dye source, for example herein with pine tree cones, thanks to this unique feature of the natural dyes. Another important parameter in terms of textile dyeing is the fastnesses, which were also tested for the samples dyed with milled pine tree cones. Table 2 shows the light fastness and wash fastness of the samples. When table 2 has been examined, it was seen that mordant types and natural dye source concentration were effective in terms of light fastness values. But generally in coloring made by using pine tree cones, the light fastnesses were medium-good. If a generalization is made, it was found that the increase of the natural dye source concentration generally means the increase of the light fastness values. The reason of this was thought to be due to the high tolerability of the dyestuff portion of the light-decayed in dark colors. When the washing fastness values were checked, very good/excellent washing fastness results were obtained. All wash fastness results have a value of 5 for staining and color change. This showed that wool fabrics dyed with pine cone natural dye source have no staining or discoloration during washing process. In other words, it could be said that the mordant material and the dyeing concentration have no effect on washing fastness for dyeing with pine cone natural dye source and that sufficient fastness results could be obtained.
As detailed in the method part of the study, the wool fabrics dyed with pine cones at concentration of 1:2 were analyzed in terms of antibacterial efficiencies against E. coli and S. aureus. From These antibacterial test results clearly showed that depending on the tested bacteria and used mordanting agents the reduction (%) of the bacteria population has differed but generally it can be told that natural dyeing with pine cones ensured better antibacterial efficiency against S. aureus. As seen from the table 3, except the samples dyed in presence of Potassium dichromate mordanting agent the bacterial reduction of S. aureus is higher than 99% so not only the effect of the mordanting agents but also the extracts of pine cones have an antibacterial efficiency against S. aureus. However when the antibacterial efficiency against Gram-negative bacteria (E. coli) has been examined, it was observed that natural dye source of pine cones have not antibacterial efficiency against E. coli and only if the Copper (II) sulfate, Iron (II) sulfate or alum based natural dyed samples exhibit significant bacterial reduction of E. coli. So this antibacterial efficiency against E. coli is more related to the used mordanting agent and the tested natural dye source solely did not cause a positive effect on it.
C O N C L U S I O N S
In this study, it was aimed to show the usability of pine cones in natural dyeing of the wool fabrics. As a result of the dyeing experiments, it has been determined that the pine tree cones can bring out different colors with the use of different mordanting agents. When a summary is made by looking at the generic; the color of pinkish orange was obtained in the mordant free dyeings. Moreover, depending on the type of mordant in the mordant based dyeings; yellowbeige, khaki, pinkish orange and brown tones had been observed. In addition, it was observed that same washing but different light fastnesses can be obtained with the use of different mordanting agents. Beyond the use of pine cones as a natural dye source, the effect of pine cone based natural dyeing has also been analyzed in terms of antibacterial efficiencies. The dyed samples' antibacterial efficiencies were tested against E. coli and S. aureus. It was found that while the fabrics not dyed did not exhibit antibacterial efficiency, the samples dyed with pine cones has shown an antibacterial efficiency depending on the used mordanting agent and the bacteria tested. But briefly, wool fabrics dyed with pine cones in presence of Copper (II) sulfate, Iron (II) sulfate or alum showed antibacterial efficiency for both E. coli and S. aureus and the mordant free dyed samples were showed an antibacterial efficiency against only S. aureus.
